ABSTRACT Reported associations between vitamin D receptor (VDR) polymorphism and type 1 diabetes mellitus vary across ethnic groups. We studied the association between type 1 diabetes and 4 VDR gene polymorphisms (Bb, Ff, Aa and Tt) in an Iranian population. A group of 69 patients with type 1 diabetes mellitus and 45 unrelated healthy subjects were recruited. The prevalence of VDR polymorphisms in 4 restriction fragment length polymorphism sites including BsmI, FokI, ApaI and TaqI were analysed in patients and controls. The frequencies of 3 genotypes (Aa, FF and Bb) were significantly higher in the patient group. The relationship between VDR gene polymorphisms and onset pattern of diabetes was not significant. There were no significant difference between the genotype frequencies and chronic complications of diabetes, but the relationship between the Ff genotype and ketoacidosis was significant. Our results differ from previous polymorphism studies in other regions. 
Vitamin D receptor gene polymorphisms in type 1 diabetes mellitus: a new pattern from Khorasan province, Islamic Republic of Iran Introduction
Type 1 diabetes mellitus (DM) is a common autoimmune endocrinopathy that results from an interaction of environmental and genetic factors. This interaction is believed to lead to immune destruction of insulin-producing beta cells by T-cell infiltration of the pancreatic islets [1] . In addition to its calciotropic effect, vitamin D has potent non-calcaemic effects and is involved in the modulation and regulation of immune systems [2] [3] [4] [5] [6] . Vitamin D deficiency has been shown to accelerate the onset of type 1 DM [7] . Moreover, vitamin D deficiency leads to impaired insulin secretion, which is reversible by 1,25-dihydroxyvitamin D administration [8] . Other studies suggest that the active metabolite of vitamin D decreases the incidence and development of autoimmune diseases such as type 1 DM and also acts as an immunosuppressant agent [9, 10] . The biological effect of vitamin D is thought to occur by binding to the vitamin D receptor (VDR) which belongs to the steroid receptor superfamily and is widely expressed in many cell types including lymphocytes (activated T lymphocytes, B cells), antigen-presenting cells (including monocytes, macrophages, dendritic cells) and pancreatic islet cells [11] [12] [13] .
Although many polymorphisms exist in the VDR gene, their effect on VDR protein function and signalling is unknown [14] . Based on the effect of the VDR ligand on immune function, an association between type 1 DM and VDR polymorphisms is likely. The effect of VDR polymorphisms on insulin secretion has been reported before [15] . Four major polymorphic sites have been described within the VDR gene. A polymorphic FokI site in exon-2 results in an alternative transcription initiation site, leading to a protein variant with 3 additional amino acids at the amino terminus [4] . Polymorphic BsmI and ApaI sites are present in intron-8, and a silent T to C substitution creates a TaqI polymorphic site in exon-9 [16] .
An association between VDR polymorphism and type 1 DM has been reported in some studies; however, it appears to vary across ethnic groups [17] [18] [19] [20] [21] [22] [23] . The aim of this study was to investigate the relationship of VDR gene polymorphism to the risk of type 1 DM and its association with the onset pattern of diabetes (acute or slow onset) in an Iranian population in Khorasan province.
Methods

Sample collection
The study was carried out in Mashhad, Islamic Republic of Iran, during 2006-07. Patients were drawn from the Parsian diabetes clinic, which is a referral centre for diabetic patients and cares for more than 500 patients with type 1 DM. Blood samples were obtained from 69 Iranian type 1 DM patients (41 females/28 males) diagnosed with type 1 DM according to World Health Organization criteria (pancreatic beta-cell destruction as the primary cause of diabetes, and tendency to ketoacidosis), under age 35 years and C-peptide-negative. Another group of 45 unrelated healthy volunteers (26 females/19 males) with a socioeconomic status similar to that of the patients, were also recruited from classmates or friends of the patients.
Demographic and basic clinical variables were collected such as age, sex, time of onset of diabetes, time of starting insulin treatment and history of ketoacidosis and complications such as hypertension, retinopathy, nephropathy, dyslipidaemia, concomitant autoimmune disorders. The patients were divided into 2 groups: acute onset (< 6 months from onset of diabetes to start of insulin treatment); and slow onset (> 12 months from diabetes onset to insulin treatment).
All patients gave informed voluntary consent to participate in the study according to the protocol approved by the local ethics committee of Mashhad University of Medical Sciences and in accordance with the ethical standards of the Helsinki Declaration.
DNA isolation and PCR experiments
Blood samples were collected in EDTA tubes and genomic DNA was extracted using the salting out method. The BsmI, FokI, ApaI and TaqI polymorphic sites were considered. Polymerase chain reaction (PCR) amplification was performed using 3 sets of primers-VDR1 (for BsmI), VDR2 (for FokI), and VDR3 (for both ApaI and TaqI)-as described previously [17, 22] , using the Techgene thermocycler (Techne). After initial denaturation for 5 min. at 95 °C, samples were subjected to 30 cycles of amplification, 25 s at 94 °C, 20 s at the relevant primer pair annealing temperature (Table 1) and 20 s at 72 °C. The final step was a 5 min. hold at 72 °C. Amplified DNA was digested overnight with suitable amounts of reference restriction enzymes (Fermentas) in the restriction protocol at 37 °C or 4 h at 55 °C according to the manufacturer's instructions (Table 1) . Digestion products were electrophoresed on 3% agarose gel containing 0.4 mg/L ethidium bromide. The polymorphism was documented by photographing under UV illumination.
Polymorphism analysis
All data concerning the 4 restriction enzymes and their restriction patterns are summarized in Table 1 . Aliquots of 0.1 U of BsmI, FokI and ApaI and 3U of TaqI restriction enzymes (Fermentas, Lithuania) and 2 µL buffer were added to 4 µL of the VDR PCR products. The alleles were designated as B (650 bp and 175 bp fragments) and b (825 bp fragment) for BsmI, F (196 bp and 69 bp fragments) and f (265 bp) for FokI and A (530 bp and 210 bp) and a (740 bp) for ApaI. TaqI has 2 binding sites on the PCR product, one product a 495 bp and a 245 bp fragment (t) and the other at the single nucleotide polymorphism site in the presence of which the 495 bp fragment will be cut into a smaller 290 bp piece and a 205 bp piece (T).
Statistical analysis
Data were analysed using SPSS, version 11.5 statistical software. Comparisons of genotype frequencies between groups were performed using the t-test. The chi-squared test was used for analysis of the difference between the 2 groups. P-value < 0.05 was considered significant.
Results
The patients were 28 males (40.6%) and 41 females (59.4%). The mean age of patients was 22.2 (SD 8.7) years and the mean age onset of diabetes was 13.4 (SD 6.1) years. Family history of DM was positive for 26 patients (37.7%). The frequency of complications of diabetes, including history of ketoacidosis, hypertension, retinopathy, nephropathy and dyslipidaemia, are shown in Table 2 . There were 50 patients (72.5%) with acute onset of diabetes and 19 patients (27.5%) with chronic onset. The control group consisted of 19 (42.2%) men and 26 (57.8%) women with a mean age of 19.7 (SD 6.2) years.
The distributions of VDR gene polymorphism in patients and control groups are shown in Table 3 . The genotype frequencies were higher in the patients than the controls for the bb genotype (42.6% versus 40.0%, P = 0.14) and the TT genotype (49.3% versus 44.4%, P = 0.057) although the differences were not significant. However, the frequencies of genotypes were significantly higher in the patient group versus controls for the Aa genotype (75.4% versus 40.0%, P = 0.003), FF genotype (55.1% versus 40.0%, P = 0.008) and Bb genotype (37.7% versus 24.4%, P = 0.014).
We stratified type 1 DM patients based on their onset pattern of disease and assessed the relationship to the types of VDR gene polymorphisms ( Table 4) . The relationship between VDR gene polymorphisms and onset pattern of diabetes was not significant in any of restriction sites. The age of onset of disease did not affect the distribution of genotype frequencies in type 1 DM patients. Moreover, there was no significant difference between the distribution of genotype frequencies (BsmI, ApaI, FokI and TaqI) and chronic complications of diabetes, but the relation between the Ff genotype and history of ketoacidosis was significant (P = 0.04).
The electrophoresis pattern of the 4 restriction enzymes is illustrated in Figure 1 .
Discussion
The molecular mechanisms of pathogenesis of type 1 DM remain to be elucidated. Several studies have recently reported an association [18] . Chinese investigators showed in their Han population that the frequency of the B allele of BsmI site gene was significantly higher in type 1 DM [19] . In a Taiwanese population type 1 DM was also associated with the B allele [20] . In Barcelona, Spain, the frequencies of bb, and especially combined bb/FF genotypes, were higher in type 1 DM patients than in controls [21] . However, in a Finnish population VDR polymorphisms had no association with type 1 DM [24] , and a study in Santiago on children with type 1 DM demonstrated that the frequency of the b allele and bb genotype was significantly lower compared with the control group [22] . Surprisingly, a meta-analysis in 2006 also showed that there was no association between VDR gene polymorphisms and type 1 DM risk in case-control and family transmission studies [25] .
In our study no significant relationship was found between VDR polymorphisms and the onset pattern of diabetes (acute or chronic). Motohashi et al. in a study of 203 type 1 DM patients compared with healthy controls found that there was a significant difference in the frequency of the B allele in the BsmI site between acute-onset diabetes and control groups. However, the difference between the slow-onset type 1 DM group and controls was not significant and they concluded that assessment of this VDR gene polymorphism may contribute to prediction of the onset pattern in individuals with a high-risk component of type 1 DM [23] .
No significant association was found between VDR gene polymorphisms and chronic complications of diabetes (including nephropathy, retinopathy, dyslipidaemia and hypertension). Taverna et al. in Paris observed 200 patients with type 1 DM and found that the Tt genotype was associated with severe retinopathy. In that study, patients with TT genotype were low risk for severe diabetic retinopathy [26] . We found no association between VDR gene polymorphisms and diabetic retinopathy. It seems that vitamin D functions may play a role in the pathogenesis of hypertension as a negative endocrine regulator of renin biosynthesis [27] and have a favourable effect on cardiovascular disease [28, 29] . Other researchers have also reported an association between the bb genotype and severe coronary stenosis [30] .
We found a significant relationship between the Ff genotype and a history of ketoacidosis among our patients. To 
